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ABSTRACT

This handbook is a guide for engineers, planners and
facility personnel in scheduling, inspection, naintenance, and
repairs of mooring hardware at waterfront facilities and
related facilities. Initial chapters provide a sunmary of
responsibilities and policies, field inspection guidelines, and
nmoori ng hardware types. | nspection |evels, nethods, planning,
and techniques and checklists are covered for above water
i nspecti on. CGeneral load capacity testing procedures are
described and illustrated for general nporing hardware.
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FOREWARD

This handbook provides guidance for the specialized
i nspection and testing of nooring hardware at waterfront
facilities and related facilities. [Inspection |evels, nethods,
and testing procedures are presented for the nooring hardware.
The testing procedures presented herein allot for a nore
detailed load <capacity assessnent of specified nooring
har dwar e. The resulting findings of inspections of nooring
hardware and fendering are to guide facility personnel in the
selection of appropriate repair techniques, mai nt enance
i nspection of fieldwork for acceptability, and planning the
foll owon inspection requirenents.

The standards and net hods presented herein are proposed to
guide in the planning, inspection, assessnent, and reporting of
nooring hardware conditions. The standards and nethods
outlined have been devel oped fromthe best technical sources in
industry and the mlitary services.

Recommendati ons for inprovenent are encouraged fromwthin
t he Navy, other CGovernnent agencies, and the private sector and
should be furnished on the DD Form 1426 provided inside the
back cover to Conmander, Naval Facilities Engineering Command,
Code 15C, 1510 Gl bert Street, Norfolk, VA 23511-2699
t el ephone nunber (804) 322-42001 fax (804) 322-4416, or e-mail.

TH'S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT
FOR PROCUREMENT OF FACI LI TIES CONSTRUCTI ON. IT IS TO BE USED
I N THE PURCHASE OF FACI LI TI ES ENG NEERI NG CRI TERI A STUDI ES AND
DESI GN (FI NAL PLANS, SPECI FI CATI ONS, AND COST ESTI MATES). DO
NOT REFERENCE | T I N M LI TARY OR FEDERAL SPECI FI CATI ONS OR OTHER
PROCUREMENT DOCUMENTS.

O her key DOD and commrercial references that supplenent
this Manual are:

MD-104.1 " Mai ntenance of Fender Systens and Canel s"
MD-104. 2 "Underwater |nspections”
MD- 124 "Moori ng Mai ntenance Manual "
M L- HDBK 1104 " Mai nt enance of Waterfront
Facilities"”
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SECTION 1. | NTRCDUCTI ON

1.1 Scope
1.1.1 Al facilities providing berthing for U S.

Mlitary Ships

1.1.1.1 This military handbook, M L-HDBK-1104/1, is a guide
for the inspection and evaluation of facility berthing
capability. It is a source of reference for the planning,

i nspection and reporting of nooring hardware conditions in a
st andardi zed fornat.

1.2 Pur pose. This handbook provides gui dance for the
pl anni ng, inspection, assessnment, and reporting of nooring
hardware conditions. It should be used as a tool for helping
personnel tasked with maintaining the readi ness of shoreside
facilities for use by the fleet and in support of mlitary
mari ne operations. The Mooring Hardware Report has the
foll ow ng objectives:

e Establish adequacy of nooring facilities.

e Enable facility users to develop efficient
bert hi ng pl ans.

e Establish baseline data on existing nooring
har dware and berthing capacity.

e Provide facility users with information sufficient
to determne level of effort to maintain or upgrade existing
capacity.

1.3 Application

1.3.1 Types of facilities covered as related to nooring
har dwar e i ncl ude:

e Berthing facilities for nooring and for providing

support to ships and craft.
e Dry docks used for nodification, inspection
mai nt enance and repair of ships.

1.3.2 Facilities not covered in this handbook are:
. Fl eet nmoorings - which are covered in MO 124
. Mechani cal capstans
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SECTI ON 2. PLANNI NG FACI LI TY | NSPECTI ON

2.1 Mai nt enance Pl anning. Maintenance planning criteria
can be found in M L-HDBK-1104 SECTION 2 - MAI NTENANCE PLANNI NG
AND TYPES OF FACILITIES for marine structures. Devel opnent of a
I ong-term inspection and maintenance program involving al
aspects of waterfront facilities is covered in the above
docunent and is not within the scope of this handbook. A |ong-
term i nspection program involving regular field inspection of
nmoori ng hardware at established intervals should be part of the
overal |l facility mai ntenance program

2.2 Pl anni ng
2.2.1 Gener al

2.2.1.1 This section covers the planning required to conduct
an inspection and assessnment of nmooring hardware. Critical
aspects of planning an inspection of this nature include the
establishment of a clear scope of work and gathering all
avai |l abl e dat a.

MOORING HARDWARE INSPECTION PROCESS

Establish Mooring Hardware
Inspection Program

Gather Existing Data

Level 1 Inspection Level 2 Baseline
as Needed Inspection and
report

Assess Baseline
Formulate Plan and Scope Conditions

of Work for Implementing
Level 3 Inspection

Update Level 2 Inspection

Conduct Level 3 And Continue Higher Level
Inspection Inspection Program
Figure 1

Moori ng Hardware |nspection Process

2
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2.2.2 Scope of Wbrk

2.2.2.1 Planning the inspection of nooring hardware wl|
begin with the establishnment of a scope of work. The scope of

work will define the facilities to be inspected and |evel of
i nspection. The scope of work shall i nclude:

. Nunmber of hardware

. Type of hardware

. Type of support structure

. Level of inspection required

. Dat e of |ast inspection

. Fender systemtype and quantity
2.2.3 Exi sting Dat a. All available relevant data on the

facilities to be inspected and assessed should be gathered at
the earliest possible date. This information should be provided
to the persons responsible for planning and organizing the
i nspection and assessnent effort such that the level of effort
for inspecting a specific facility can be determ ned. Data and
information may be available in many forns as |isted bel ow.

2.2.3.1 Dr awi ngs

. As-built construction drawi ngs — Origi nal
construction drawings wll often have vital i nformation
regardi ng nooring and berthing design loads. This information
is usually the nost accurate data available to the inspector
Caution should be taken to confirm that the data on the plans
is accurate and changes to the structure have been investigated
and confirnmed.

. Repai r and mai nt enance dr awi ngs - Al
nodi fications to the original structure should be investigated
and anal yzed as to their inpact to the structure.

. Site plans — Site plans can provide | ayout data
and in sone cases wll have sufficient detail to show nooring
hardware position. This data is often out dated and should be
confirmed.

. Hydr ogr aphi ¢ survey plans — Hydrographic data is
inmportant to establish depth of water at the berth.

2.2.3.2 Cal cul ati ons. Design calculations to establish the
capacity of the supporting structure.
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2.2.3.3 Exi sting Reports. Previous inspection reports such as
an Underwater Facilities Inspection Report or Prior Mooring
Har dware Condition report.

2.3 Field | nspection/Data Gat heri ng

2.3.1 General . The purpose of any nooring hardware
inspection is to gather information to assess the condition of
t he nooring hardware systeminspected. The | evel of inspection
will determne the anpunt and type of information gathered. The
inspection will focus on gathering the follow ng informtion:

e |dentification of danmge
e Confirmation of avail abl e data
e Changes in the known supporting structure
e ldentification of potential problens with
i nteracting equi pmrent and fi xtures.
e Establishing the position of nporing hardware
e Ceneral condition of fender system
e Gather available background information at the

site.

2.3.2 Field Inspection. Per sonnel assigned to conduct a
field inspection of nooring hardware shall acquire the
appropriate tools necessary to acconplish the work. The |eve

of inspection will dictate the required tools. Al levels
require appropriate record Kkeeping. Information shall be
recorded in | ogbooks. The time and |level of effort required to
conduct an inspection will depend on the anpbunt of background

information that is available, level of inspection required,
site conditions, site access and activity, as well as the skil
of the inspector.

2.3.2.1 Tool s Requi red

2.3.2.1.1 Hand Tools. Various hand tools are required to
acconplish the task of inspecting nooring hardware. Tape rules,
folding rules, neasuring wheels, and in sonme instances
surveying equipnment will be required to perform tasks such as:
di rensioning structural conponents, finding the position of
nmoori ng hardware, and neasuring distress within the structural
system Qher tools such as wire brushes, chipping hamers, and
scrapers can be used to clean and uncover structural conponents
that are not readily visible. Marking devises such as paint
stick, keel, paint and ink pens can be used to establish
identifying marks on each hardware unit for reference.
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2.3.2.1.2 Equi pnent. Heavy equipnment may be required to
conduct Level 3 Inspections. Equi pnent such as diving gear
conpressions, jacks, hoists, rigging, load cells, and cranes
shal | be used as necessary to acconplish the work.

2.3.2.2. Note Keeping. Field inspection data and notes shall
be kept in a surveyor’s field book or the Moring Hardware
| nspection Sheet (see Table 2) and in an orderly and |egible
fashi on. Phot ographi c docunentation of each piece of nporing
hardware shall be taken and recorded in the field book. Notes
can be kept in tabular formwthin the notebook. The foll ow ng
mnimumdata i s required:

e Hardware nunber or designation — Each fitting
shall have a unique al phanuneric designation. |If an existing
systemis in place it shall be used. If there is no systemfor
identifying hardware, unique designations shall be assigned.
For exanple, identifying systenms such as “Bl1-C3” for Berth 1,
Cl eat Nunber 3 can be used.

e Size and type of hardware — The casting nunber or
serial nunmber of each hardware which identifies the type of
hardware shall be recorded. Standard U. S. Navy fittings can be
found in Table 2 and Fig. 1. If the hardware nunber cannot be
found or identified in the field then the overall dinensions
shal | be recorded.

DESCRI PTI ON S| ZE BOLTS WORKI NG CAPACI TY
(ki ps)
SPECI AL MOORI NG | Hei ght =48 i n 12 x 1-in dia Horz = 660
BOLLARD “ A" Base 48x48 in @5 deg = 430
Nom = 450
SPECI AL MOORI NG | Hei ght =44.5 in 8 x 2.75-in dia Horz = 270
BOLLARD “B” Base 39x39 in @5 deg = 216
Nom = 200
LARGE BOLLARD W TH | Hei ght =44.5 4 x 1.75-in dia Horz = 104
HORN Base 39x39 in @5 deg = 66
Nom = 70
LARGE DOUBLE BITT | Hei ght=26 in 10 x 1.75-in dia
WTH LIP Base 73.5x28 in Nom = 75*
LOW DOUBLE BITT | Height=18 in 10 x 1.625-in dia
WTH LIP Base 57.5x21.5 in Nom = 60*
42-1 NCH CLEAT Hei ght =13 in 6 x 1.125-in dia
Base 26x14.25 in Nom = 40
30- 1 NCH CLEAT Hei ght =13 i n 4 x 1.125-in dia Nom = 20
Base 16x16 in

*Wor ki ng capacity per barrel; after NAVFAC Drawi ng No. 1404464
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Table 1
Comonly Used U. S. Navy Pier Moring Fittings
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MOORING HARDWARE INSPECTION RECORD

LOCATION:

DATE:

FACILITY NAME:

COORDINATE REFERENCE/BENCHMARK:

INSPECTOR:

LEVEL OF INSPECTION:

HARDWARE
DESIGNATION

DESCRIPTION

X COORD.

Y COORD.

Z COORD.

CONDITION RATING

HARDWARE | BASE STR.

PHOTO #

COMMENTS
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SPECIAL MOORING
BOLLARD "B”

LOW DOUBLE BITT

Py
G 1 42-INCH CLEAT

Figure 2
Typical Profiles of Moring Hardware
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Addi ti onal information concerning the sizes and working
capacities of pier and wharf nooring fittings is found in M L-
HDBK- 1025/ 1.

e Position of hardware (Xx,y,z coordinates) — A
coordi nate system shall be identified and established such that
the location of each hardware can be established along the
berth. The relationship between the hardware and the tidal
datum shal | al so be established.

e Reference position of coordinates — Al coordinate
systens shall be referenced to a local systemfor each facility
i.e. reference benchmark on site, or activity base map
coor di nat es.

e Condition of the hardware — The condition of each
pi ece of nooring hardware shall be rated in the field. The
rating system shall be on a scale of 1 to 4, as described in
Fig. 3.

e Condition of the base structure — The base
structure of each piece of hardware shall be rated on a scale
of 1 to 4, as described in Fig.A4.

e Condition of the fender system shall be noted and
rated on a scale of 1 to 4, as described in Fig. 5.

e Fasteners — The nunber, pattern and size of the
fasteners on each piece of nooring hardware shall be recorded.

e Additional remarks — Additional notes such as odd
conditions, qualifying remarks, and other information that
m ght be deened useful shall be recorded.

e Photo roll and nunber

e Al sketches and other ancillary notes should be
kept in the sanme notebook.

2.4 Engi neeri ng Eval uati on. An evaluation of the data
can only be conducted once the inspection is conplete. The
field data as well as the existing data will be reviewed and

anal yzed to fornulate allowable load criteria.

2.5 Type of Mooring Service. The type of nporing service
shoul d be considered when planning the inspection frequency.
For exanple, Berths with Moring Service Type |1l should be

considered high priority as ships noored at these berths may
not have the ability to get under way in case of an approaching
storm See table 6 for an explanation of nooring service types.
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EXAMPLE MOORI NG HARDWARE
OF CONDI TI ON CONDI TI ON RATI NG

#1 — NO DEFECTS:

NEW CQOATI NG (M NOR BLEM SHES
AND CORROSI ON ON LESS THAN
10% OF SURFACE AREA)

NO VWEAR MARKS

NO VI SI BLE CORRCSI ON OF
FASTENERS

BOLT COUNTERSI NKS SEALLED

#2 — M NOR DEFECTS:
M NOR SURFACE CORRCSI ON (10%
TO 25% OF SURFACE AREA)

M NOR WEAR MARKS ON FI TTI NG
SURFACE LESS THAN 1/8” DEEP

M NOR CORRCSI ON OF FASTENERS

#3 — MODERATE DEFECTS:
HEAVY CORROSI ON W TH LOOSE
SCALE ( GREATER THAN 25")
NOTI CEABLE CORROSI ON OF
FASTENERS
SI GNI FI CANT SURFACE WEAR
MARKS UP TO 5/ 16" DEEP

#4 — SEVERE DEFECTS:
SEVERE CORRCSI ON, HEAVY
SCALE, NOTI CEABLE SURFACE
PI TTI NG AND 25% OR CREATER
LOSS OF AREA AT CRI TI CAL
SECTI ON
DI SPLACED OR ROTATED FI TTI NG
BROKEN OR CRACKED FI TTI NG
COVPONENTS
NOTI CEABLE CORROSI ON AND
SECTI ON LOSS OF FASTENERS
LOCSE FASTENERS

Figure 3

9
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Condition Rating Scale for Moring Hardware

EXAMPLE MOCRI NG SUPPCRT STRUCTURE
OF CONDI TI ON CONDI TI ON RATI NG

#1 — NO DEFECTS:
SURFACE CLEAN AND SMOOTH

NO CRACKI NG
NO NOTI CEABLE DETERI ORATI ON

#2 — M NOR DEFECTS:
WEATHERI NG OF CONCRETE AND
WOOD

M NOR CORROSI ON OF STEEL
(NO SI GNI FI CANT SECTI ON
LOSS)

HAI RLI NE CRACKI NG OF
CONCRETE DUE TO THERVAL
EXPANSI ON ANDY OR AGE

#3 — MODERATE DEFECTS:
NOT| CEABLE CRACKI NG OF
CONCRETE DUE TO AGE

CORRCSI ON OF STEEL W TH
SECTI ON LGSS

TI MBER CRACKED AND
CHEACKED, WEATHERED
SUSCEPTI BLE TO DRY ROT

#4 — SEVERE DEFECTS:

CRACKI NG AS A RESULT OF
OVERLOAD UNDER HARDWARE
BASE

DRY ROT ON TI MBER MEMBERS

SI GNI FI CANT CORROSI ON OF
STEEL MEMBERS

DI SPLACEMENT OR Yl ELDI NG OF
ANY SUPPORTI NG MEMBERS

LCSS OF FULL BEARI NG UNDER

Figure 4
Condition Rating Scale for Base Structure

10
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Figure 5
CONDI TI ON RATI NG SCALE FOR FENDER SYSTEM

11
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EXAMPLE FENDER SYSTEMS
OF CONDI TI ON CONDI TI ON RATI NG

#1 — NO DEFECTS:
| N PERFECT CONDI Tl ON

#2 — M NOR DEFECTS:
WEATHERI NG OF Tl MBER

M NOR DAMAGE ON PI LES AND
WALES

M NOR CORROSI ON OF BOLTS
(NO S| GNI FI CANT LOSS OF
SECTI ON)

M NOR WEAR ON STEEL AND
RUBBER COVPONENTS

#3 — MODERATE DEFECTS:

NOTI CEABLE CRACKI NG OF
CONCRETE DUE TO AGE
CORROSI ON OF STEEL W TH
SECTI ON LGSS

TI MBER CRACKED AND
CHEACKED, WEATHERED
SUSCEPTI BLE TO DRY ROT
RUBBER COVPONENTS HAVE

M NOR TEARS AND/ OR GOUGES

#4 — SEVERE DEFECTS:
MANY MEMBERS DI SPLACED OR
M SSI NG
DRY ROT ON TI MBER MEMBERS
SI GNI FI CANT CORROSI ON OF
BOLTS
DI SPLACEMENT OR Yl ELDI NG OF
ANY SUPPORTI NG MEMBERS
NON- FUNCTI ONAL  RUBBER
COVPONENTS W TH SI GNI FI CANT
TEARS AND DI SPLACEMENT

12
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MOORI NG SERVI CE DESCRI PTI ON
TYPE
TYPE | This category covers noorings that are

used in winds of |less than 34 knots and
currents less than 2 knots. Mborings

i nclude ammunition facilities, fueling
facilities, depermng facilities, and
ports of call. Use of these noorings is
normal Iy sel ected concomtant with
forecasted weat her.

TYPE || This category covers noorings that for
general purpose berthing by a vessel that
will |eave prior to an approaching

tropi cal hurricane, typhoon, or fl ood.

TYPE [11 This category covers noorings that are

used for up to 2 years by a vessel that
will not |eave prior to an approaching
tropical hurricane or typhoon. Mborings
i nclude fitting-out, repair, drydocking,
and overhaul berthing facilities. Ships
experience this service approxi mately
every 5 years. Facilities providing this
service are nearly al ways occupi ed.

TYPE |V This category covers noorings that are
used for 2 years or nore by a vessel that
will not |eave in case of a hurricane,

t yphoon, or flood. Morings include

i nactive, drydock, ship nuseum and
training berthing facilities.

Tabl e 3
Moori ng Service Types

SECTI ON 3. QUALI FI CATI ONS

3.1 Per sonnel . The inspection of nooring hardware shal

be conducted under the supervision of a Registered

Pr of essi onal Engineer (P.E. ) who has experience in the
design and i nspection of marine structures. At a m ninumthe
supervi sing engineer (P.E ) shall be onsite and involved in
the inspection to assess and record conditions encountered

13
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usi ng standard engi neering practice. Level 1 inspections
may be conducted by technicians under the supervision of a
regi stered professional engineer. For level 2 or level 3

i nspections, which may require underwater inspection as well
as the operation of equipnent, personnel shall be fully
qualified and shall have adequate |evels of support to
acconplish the task. Al rules governing the workplace
safety shall apply. Guidance for underwater inspections can
be found in NAVFAC M L-HDBK 1104 Mi ntenance of \Waterfront
Facilities.

SECTI ON 4. | NSPECTI ON FUNDAMENTALS

4.1 Level s of Inspection

4.1.1 Level 1 - Walk through Inspection. This inspection is
a wal k through inspection to assess damage following a storm
event and to confirm any changed conditions. G oss deficiencies
can be identified during this inspection. This |evel of
i nspection cannot provide sufficient data to assess the
capabilities of a nooring system

4.1.2 Level 2 - Visual Inspection. This inspection wll
i nvol ve vi sual observation of the condition of exposed
conponents of the nooring hardware and supporting structure.
The hardware should be visually inspected for cracks or other
anonmal ies. Hardware geonetry should also be inspected to
determne if displacenent has occurred. Bolts, if exposed, can
be inspected to determine their relative tightness. The general
condition of the supporting base structure should be inspected
for anomalies such as cracking and/or displacenent. Under this
| evel of inspection the position of the hardware should be
determ ned. The relative position in relation to the three
princi pal axis coordinates (X,y,z) should be established to the
nearest foot. The level 2 visual inspection is required to
est abli sh baseline conditions.

4.1.3 Level 3- Detailed Inspection. This inspection is
performed in addition to the inspection tasks perfornmed under
the level 1 and level 2 inspections. A detailed inspection wll
i nvol ve the observation of exposed components of the supporting
structure such as the underside of the pier deck and piles.

In addition, a detailed inspection may involve partly
destructive techniques related to dismantling and |oad testing
noori ng hardware. Renoval of sealing material and fasteners for
i nspection and | oad testing will be acconplished as directed by

14
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the Scope of Work under this level of inspection. |Individual
fasteners nmay be |oad tested in tension by using a jacking

Moori ng Hardware |Inspection Checkli st

Col | ect pertinent background infornmation and
docunent ation for post-inspection analysis and
report.

Establi sh a coordi nate datum or refer to existing
coordi nate datum from previ ous report(s).

Assign a fitting nunber or designation (use
existing, if available).

Est abl i sh coordi nates of all hardware pieces.

Check each hardware piece for cracks or other
anonal i es.

Check hardware geonetry for possible displacenent.

Check hardware fasteners, if accessible, for
ti ght ness anchorage and general condition.

| nspect supporting structure for distress.

Check fender system for deficiencies and/or
damage.

Phot ograph all hardware pieces (designation
present in photograph) and fender system overview.

Conpl ete nooring hardware inspection record.

Figure 5
| nspecti on Procedure Checkli st
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apparatus. The entire hardware piece may be | oad tested using
various nethods. The nethod enployed for Jload testing of
hardware wi Il be dependent upon the type of hardware piece and
site conditions. Quidelines for I|oad testing hardware and
fasteners can be found in Appendix A of this docunent.

4.1. 4 Fender System A Level 1 visual inspection of the
fender system shall be conducted concurrently with all |evels
of mooring hardware inspection. Refer to NAVFAC MD-104.1 for
fender system inspection. The type of fender system will be
noted and the general configuration will be established as it
relates to the nooring hardware. Size and |ocation of fender
system conponents will be noted to determ ne the placenent of
shi ps.

4.2 Freqguency of | nspection. Under nost circunstances al

nmoori ng hardware should receive a Level 1 Inspection annually,
Level 2 Inspection every 5 years. The type of structure and the
class of service will also dictate the inspection frequency and
| evel of inspection. For tinber structures that are susceptible
to inpact and severe environnental conditions the frequency of
Level 2 inspections should be set at every 3 years. For
structures that are high priority, the berthing officer wll
deternmine the level of inspection. In instances where extrene
storm events have resulted in the potential overloading of
nooring hardware a level 1 inspection shall be conducted to
determ ne post storm conditions. Level 3 Inspections involving
| oad testing should be conducted as directed by the Berthing
Oficer or as described in Appendix A, based on hardware
priority |level.

4.3 | nspecti on Met hods
4.3.1 Local Conditions
4.3.1.1 Mooring Hardware Fittings. Each piece of nooring

hardware shall be visually inspected for anomalies. Conditions
that are comonly found include cracks, abrasion (due to wre
rope), corrosion and displacenment. Cracks are wusually the
result of inpact |oading or overloading the hardware under
extreme conditions. Abrasion normally occurs when nooring |ines
are pulled around the hardware causing friction and erosion of
the casting under the barrel or horn. If this condition is
severe, it wll weaken the casting through |oss of cross
sectional area. Docunentation of the depth of erosion

| ocation, and area are required to establish |oss of strength.
The condition of the coating should be noted. Coati ngs that
have nechani cal damage, i.e., cracks, peeling, abrasion, should
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be described. Coating systens that have failed or are worn out
shoul d al so be described, as well as any resulting corrosion

Levels of corrosion can be described as rust stains, |ight
scal e, and heavy scale. The surface roughness of the steel
shall also be described. Corrosion of the casting should be
assessed to determne the | oss of section at critical points on
the casting. Heavy corrosion will also effect the surface
roughness of the hardware increasing the chafing and wearing of
nmooring lines. Cbservations of the nooring hardware plunb and
|l evel are nmade to determne prior overloading and failure of
t he surrounding soil or fasteners.

4.3.2 Fasteners. Fasteners consisting of steel bolts are
used to anchor the nmporing hardware to the supporting
structure. In sonme cases nooring hardware is enbedded directly
in the supporting structure. Were fasteners are used, their
function within the nmooring system is critical and is al nost
al ways the critical structural elenent. Fasteners are generally
i naccessible as a result of typical nooring hardware details
calling for protection wusually in the form of lead fill,
bi tum nous fill or grout being placed in the bolt pockets. If
the fasteners are not visible, then a level 1 or 2 inspection
wWill result in mnimal fastener data. A level 3 inspection is
required to determne the condition of the fasteners. For
ti mber structures the fasteners nmay pass through bl ocking and
termnate with nuts and washers bearing on heavy plates. This
part of the structure is accessible and should be inspected for
| oss of section due to corrosion. |If fasteners are enbedded in
the structure and the bolt pockets are filled, the only
i nspection technique available to the inspector is to renove
the casting and observe the fastener for corrosion and | oss of
cross sectional area. Load testing of the fasteners can be
conducted w thout renoval of the casting and will result in the
determ nation of an allowable |oad. See ML-HDBK- 1104/2 for
| oad testing criteria.

4.3.3 Supporting Structure

4.3.3.1 Concrete. The nmajority of heavy | oad nooring hardware
is attached to concrete decks. Concrete acts well to resist the
forces applied by nooring hardware. The conpressive strength of

concrete resists the shear forces generated as well as
provi di ng excell ent distribution of |oad through the structure.

Factors to consider when inspecting concrete that supports
nmoori ng hardware include cracking, disintegration and corrosion
of reinforcing steel. Cracking occurs in all concrete through
many processes both as a result of natural factors and from
outside forces such as inpact. The inspector nust be able to
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determne the differences between the various types of cracks,
their causes and the structural inplications of those cracks.
Cracks of a concerning nature include: shear cracks near the
edge of the pier deck (running at 45 degrees through the
corner); Diagonal cracking on the deck surface running at 45
degrees from the hardware to the edge; and radial cracking
around fasteners indicating cone failure. Gaps at the hardware
base or crushing of bedding grout indicate novenent or
overl oadi ng and should be noted. General deterioration of the
concrete should be observed and noted. The nooring hardware
shoul d be founded on a solid concrete matrix and/or bedded in
grout to provide full contact on the bottom and sides. The
concrete should be solid and not exhibit any significant
di sintegration or spalling.

4.3.3.2 Ti nber. Tinber structures should be inspected for
structural failures such as: crushing of the tinber under the
hardware or the fastener bearing plates, cracking or failed
menber s, and displaced nenbers. Ti mber also exhibits
deterioration in several fornms such as: dry rot, marine borers,
termtes or other insects. These conditions should be noted and
assessed based on their inpact to the structure and nooring
har dwar e

4.3.3.3 St eel . St eel supporting structures exhi bi t
condi tions such as corrosion, buckling, and cracking. Steel
menbers are generally fastened with either bolts or welds.
Bolts should be inspected for tightness, 1loss of cross
sectional area due to corrosion and bearing. Wlds should be
i nspected visually for cracking.

4.3.4 Fender System Vi sual observation of the fender
system shall be nmade in sufficient detail to establish the
typical cross-section and to detail the energy absorbing

characteristics of the system Were tinber fender systens are
enpl oyed the general condition of the tinber conponents shal
be noted in terns of berthing capability. Were other types of
fender systens are in place the over all capacity of the system
shall be docunented. Locations where damage has occurred shal
be noted. Mssing fender units shall be noted and identified.

4.3.5 G obal Conditions. Gobal conditions refer to the
condition of the supporting pier, wharf or dol phin structure.
The inspection of these structures is closely related to the
condition of the mooring hardware with respect to the capacity
of the nooring system For exanple, the sum of the capacities
of the nooring hardware may exceed the total capacity of the
structure to resist these loads. In this case the nporing
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har dware cannot be fully devel oped. Berthing plans are required
to factor these Ilimtations into the allowable berthing
capacity for the facility. Inspection of pier facilities is not
within the scope of this handbook, however refer to M L-HDBK-
1104, Maintenance of Waterfront Facilities for guidance in the
i nspection of pier and wharf structures.

4.3.5.1 Pier Structure. The significant |oading inposed on
the pier structure by nooring hardware is in the |ateral
direction (horizontal “x” direction), which in nost cases is
resisted by batter piles or passive earth pressure. Piers vary
in their construction and nmethods that are enployed to transmt
these loads to the soil. Open pier structures generally have
battered piles (piles at an angle) along with plunb piles
(vertical piles) as well as significant dead |oads to resist
the lateral and resulting uplift loads. Solid pier structures
rely on their massive dead load for stability as in cellular
structures or in the resistance of deadman in the case of tied
back sheet pile bul kheads.

4.3.5.2 Structural Analysis. The inspecting engineer should
collect all available data to ascertain the capacity of the
pier structure to resist lateral |oads. Available information
may i ncl ude:

. Oi gi nal design drawi ngs and cal cul ati ons
. Modi fications to the structure
. Previ ous inspection reports

4.3.5.2.1 Calculations. Wien directed, a |icensed professiona

engi neer shall calculate the lateral capacity of the facility
based on available data and according to ML-HDBK 1026/ 4,
Handbook for Moring Design. The NAVFAC software, "Waterfront
Anal ysis Tool box for Engineers (Water)" provides electronic
tools to assist in the analysis. These tools may be obtained
from t he NAVFAC Criteria Ofice web site:
H tp://ww.efdl ant. navfac. navy. ml /| ant ops 15. For each ship
that uses the facility, the analysis should provide the maxi mum
wi nd speed for safe nooring. Caution should be exercised in
usi ng appropriate factors of safety based on the accuracy and
scope of avail abl e dat a.

4.4.4 Phot ogr aphy

4.4.1 Phot ogr aphy shoul d be used to docunment the condition
of each piece of hardware. This can be wused in future
assessnents to determ ne the change in conditions. Photographs
shall include a general overview of the hardware piece and any
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significant conditions. The hardware shall be identified within
t he photograph. An overview of each berth show ng the fender
system shal |l be taken and included within the report.
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SECTI ON 5 REPORT

5.1 Pur pose/ Obj ecti ves

5.1.1 The nooring hardware report shall present the data
acquired during the field investigation and the results of the
anal ysis of that data for the use of berthing officers in the
formul ation of berthing plans, scheduling repairs and
instituting a nooring hardware | oad test program

5.2 For mat . For consistency, all reports shall follow
the same format and arrangenment. The contents of each section
are described bel ow The arrangenent of each report 1is

described in Section 5.3 Report Qutline.

5.2.1 Section 1.0 Introduction. This section is largely a
descriptive overvi ew with sections i ncl udi ng: 1.1
Background/ Qbj ectives, 1.2 Report Description, 1.3 Condition
Rating, and 1.4 Digital Model.

5.2.2 Section 2.0 Activity Description. This section has
subsections including 2.1 Location, and 2.2 Existing
Waterfront Facilities along with regional, area, and facility
maps that are the sane as in the Underwater Facilities
| nspection Report. Additional subsections include: 2.3
| nspection Procedure and 2.4 Hardware Nunmbering System In
these subsections the inspection procedure and hardware
nunbering system are explained in detail to the reader. In the
i nspection procedure subsection the condition rating systemis
described as well as the nethod of |ocating the position of the
nmooring hardware. This wll provide the reader wth an
understanding of the level of accuracy of the inspection and
data. The subsection on the hardware Nunmbering System with an
under st andi ng of the systemused and why this particular system
was enployed i.e. weather the system was in place or devel oped
for this particular inspection.

5.2.3 Section 3.0 Facilities |Inspected. This section
constitutes the body of the report and has the follow ng
subsecti ons:

3.x.1 Description
e 3.x.2 Design Structural Capacity
3.x.3 Existing Condition

5.2.3.1 Descri ption. Includes a summary of the history of
the facility structure including the date of original
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construction, type of structure, |length of berth, deck
el evation, depth of water (MW datun) and a description of the
fender system The intent of this section is to give the reader
a solid background on the particulars of the structure while
being concise. In addition to structure description, the
current use of the facility shall also be described. The
vessel conplenent as well as the type of service (I, I, Il
or 1V) shall be noted.

5.2.3.2 Design Structural Capacity. Consists of a table
review ng nooring hardware data associated with the facility.
The data within this table includes; Moring hardware type and
guantity, Design load rating of the hardware (manufacturers),
the calculated | oad capacity of the hardware if manufacturers
data is not available and the design and/or cal cul ated capacity
of the base structure. This table is a structural summary
intended to provide the reader with information required to
det erm ne berthing capacity.

5.2.3.3 Exi sting Condition. A summary of the conditions
found during the inspection. A discussion of hardware rated at
#3 or #4 is included to highlight conditions that warrant
attention. Following the existing condition text are photo
pages that present a photographic exanple of each type of
hardware found on the facility and photos of anomal ous
conditions. Follow ng the photo page(s) is the figure show ng
the 3-D perspective view of the facility (when requested).
Following this is the figure (drawi ng) showi ng the plan view of
the facility with the condition of the fittings and fender
system noted. Following this is the data table. The data table
has all the information avail able about each piece of nporing
hardware. This information includes; hardware #, node #, X
COORD., y COORD., z COORD, type of hardware, line pull rating,
and the condition of both the hardware and it’'s support
structure.

5.2.3.4 Drawi ngs. The report will include plan views of each
berth showing the |ocation of each nooring hardware piece wth
the hardware identification nunber as well as its condition
The condition of the hardware shall be col or coded to match the
color-coding of the Data tables. The condition of the fender
system shall also be noted with a color line running parallel
to the face of the berth. The plans will be to scale such that
| aying out nooring |lines can be planed and facilitated.
Qobstructions to nooring lines will also be shown on the plan
The north arrow and direction of current ebb and flood wll
al so be shown.
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Aut oCAD
R14
Condi ti on Col or Col or Col or
Level Nunber
1 = Excellent G een 90
2 = Satisfactory Bl ue 131
3 = Margi nal Orange 22
4 = Poor Red 240
Tabl e 4
Condi ti om Col or Schenes
5.2.3.5 Data Tables. WII| be included in the report and in

ill include:

of har dwar e, it’'s
, the condition of the
f hardware, and it’s

spreadshee
X,Y,Z coor di nat es of each pi ece
identification nunber, its’ |node nunbe
hardware and it’'s base, {(he type

allowable line pull rating. The hardware condition wll be
annotated both nunerically |[and in cqlor( see appendix for
exanple). The data table will be produced in Excel format as

shown and shall have the ability to be manipulated in to the
EMOOR database see M L-HDBK-1026/4 Handbook for Mooring
Designs. The node nunber, coordinates and the |line pull shal
be nunbers (not | abels) to facilitate inport into a database in
excel format.

5.2.3.6 3-D Model . A three dinensional nodel of each
facility wll be generated when requested for Level 2
i nspections in Aut oCAD Rel ease 14 or greater to assist facility
users in the placenent of ships and canmels along the pier or
wharf in conjunction with fender systens that are in place. At
a mnimm the nodel shall include: all nooring hardware, nmain
conmponent s of t he per manent f ender system mudl i ne
representation, water |evel representation, and all fixtures
and buildings within 50 feet of the berth face or that would
cause obstruction to berthing lines. A perspective view of the
berth shall be presented in the body of the report for each
facility in the formof a figure in 85" x 11" format.
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5.2.4 Appendi ces
5.2.4.1 Key Personnel. Each report shall have a list of key
per sonnel respondi ng for or gani zi ng, conduct i ng, and

i npl enenting the investigation.

5.2.4.2 Load Test Procedures. This section will include a
description of any load testing undertaken. The Ilevel of
testing, quantity and location of load tests will be descri bed.

5.2.4.3 Cal culations. Al calculations to determ ne the | oad
capacity of nooring hardware and/or supporting structures is
presented in this appendi x.

5.2.4. 4 Mooring Hardware |nspection Records. The actual
nmoori ng hardware inspection records shall be included in this
section.

5.2.4.5 Deck Fitting Load Test Reports. The | oad testing
reports shall be presented in this section.

5.2.4.6 Ref er ences. Al references used in the body of the
report shall be identified in this section.

5.2.5 Submittal Fornat. Each report shall be submitted in
three formats: hard paper copy (3-ring binder), HTM. and PDFF
digital format, and raw file format. The quantity of each
submttal shall be determined in the scope of work. The digita
files shall be submtted on CD ROM nedi a.

5.3 Report Qutline

5.3.1 Each report shall follow the follow ng outline:

Report Cover

Titl e Page

Executi ve sunmary

Tabl e of Contents

Li st of figures

Li st of Phot ographs
Li st of tables and Data
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I ntroduction
Background/ Obj ecti ves

Report Descri ption

Condi ti on Rating

Di gi tal Model

Activity Description

Locati on

Exi sting Waterfront Facilities
| nspection Procedure

Har dwar e Nunbering System
Facilities Inspected

Facility No. 1

3.1.1 Description

3.1.2 Design Structural Capacity
3.1.3 Existing Condition
Repeat as necessary

Key Per sonal

Load Test Procedures

Cal cul ati ons

Moori ng Hardware i nspection Records
Deck Fitting Load Test Reports

Ref er ences
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APPENDI X A
MOORI NG HARDWARE TESTI NG

SECTI ON 1. | NTRODUCTON

1.1 Scope. This Appendix is a guide for the testing of
nooring hardware at waterfront facilities. It is a source of

reference for the planning, testing and reporting of current
| oad capacities of nmooring hardware at waterfront facilities in
a standard format.

1.2 Pur pose. This Appendi x provides guidance for the
pl anning, testing and reporting of current nooring hardware
| oad capacities. It should be used as a tool for helping

personnel tasked with maintaining the readiness of shoreside
facilities for use by the fleet and in support of mlitary
mari ne operations. The Mooring Hardware Report has the
foll owi ng objectives:

. Est abl i sh adequacy of nooring facilities.

. Enabl e facility users to devel op efficient
bert hi ng pl ans.

. Establ i sh baseline data on existing nooring
har dware and berthing capacity.

. Provide facility users wth information
sufficient to determne level of effort to nmaintain or upgrade
exi sting capacity.

1.3 Appl i cati on

1.3.1 Types of facilities covered as related to nooring
har dwar e i ncl ude:

e Berthing facilities for mooring and for providing
support to ships and craft.

e Dry docks wused for nodification, inspection
mai nt enance and repair of ships.

1.3.2 Facilities not covered in this handbook are:

e Fleet nporings—which are covered in M L-HDBK-
1026/ 4.

e Mechani cal capstans.
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APPENDI X A ( Conti nued)

SECTI ON 2. PLANNI NG HARDWARE TESTI NG PROGRAM

2.1 Ceneral Description

2.1.1 This section covers the planning required to conduct
the testing of nooring hardware. Critical aspects of planning
testing of this nature include the establishment of a clear
scope of work and gathering all available data as well as
understanding the prioritization of berths and fittings.

2.2 Scope of Work

2.2.1 Pl anning the testing of mooring hardware will begin
with the establishnment of a scope of work. The scope of work
wi |l define the nooring hardware to be tested and the |evel of
testing to be conducted. The scope of work shall be nmade
following initial findings of the Level 2 Baseline |nspection
and Report (see M L-HDBK-1104/1). The scope of work shal

i ncl ude:

Hardware to be tested, by established
desi gnat i on.

. Type of hardware.
. Type of support structure.
. Level of testing required.
. Accessi bility.
. Date of |ast inspection/testing.
2.3 Exi sting Data
2.3.1 Al available relevant data on the nooring hardware

to be tested should be gathered at the earliest possible date.
This informati on should be provided to the persons responsible
for planning and organizing the testing effort such that the
| evel of effort for testing a specific piece of hardware can be
det er m ned. Data and information may be available in many
forns as |ist bel ow

. Moori ng Hardware | nspection report
. Desi gn Pl ans

. Berth priority Ratings

. Hardware priority ratings
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APPENDI X A (Conti nued)

2.4 Site Conditions

2.4.1 The portion of the waterfront facility surrounding
the nmooring hardware to be tested shall be evaluated for
accessibility. If there are no limtations to accessibility of
the nooring hardware all options for testing shall be

considered. This information assists in formulating accurate
cost estimates for the testing.

2.5 Testing Plan. Testing of fittings is relatively
expensive and tine consumng, so NAVFAC reconmends periodic
testing using a statistical basis. Prioritize the tests based
on the inportance of the nooring facility.

Various levels of testing can be instituted to achieve the
desired results. For exanpl e, if it is determned that the
required | evel of accuracy is 100% then all fittings will need
to be tested. If 95% accuracy is required, then the nunber of
tests can be reduced significantly. The sanpling criteria can
be based on statistical sanpling techniques. Statistical
sanpling provides an objective nmethod for determ ning sanple
size for a desired confidence |level and precision. The result
of a statistical sanpling program would determne the
approxi mate  nunber of fittings that are marginal or
unaccept abl e; however, it would not be able to determ ne the
| ocation of those fittings. An estimation of the |load carrying
capacity and condition of the fittings in general could be
made. Testing of every fitting would be required for 100%
accuracy. A statistical approach may be a reasonable cost
effective nethod of initiating a testing program that would
determ ne the overall adequacy of the berthing system

St andard sanpling plans are presented in ML-STD 414 or ML-STD
105 based on choice of inspection nethods; inspection by
variables or by attributes. ML-STD 105 may be well suited for
a testing program where the fittings are either passing or
failing the | oad test.

2.6 Facility Prioritization. Review nooring facilities
and prioritize each nooring hardware unit as "HGH, 'NMED UM
or 'LOW to determ ne the extent of testing required. Consider
the following factors in assigning testing priorities.
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APPENDI X A (Conti nued)

. Vi sual inspections may find possible problens
and indicate that certain nooring fittings need to be assigned
hi ghest priority.

. Berths providing Moring Service Type IIl are
especially high priority, because the ships under repair at
these piers and wharves cannot get under way in case of an
approachi ng storm

. Hi gh capacity fittings secure a larger portion
of a nooring load at a given facility; so should be assigned
hi gher priority (i.e. a Special Moring Bollard 'A holds nore
| oad than a 30-inch cleat, so the bollard is assigned a higher
priority).

. O der facilities not previously pull tested are
nmore likely to suffer from structural deterioration, so should
be assigned higher priority. Testing reconmendati ons are shown
in Tabl e 4.

HARDWARE TESTI NG M NI MUM % DESCRI PTI ON
PRI ORI TY | NTERVAL OF
HARDWARE

H GH 12 years 20% For older and very inportant
facilities, up to 100% of
fittings can be tested. | f
any of the tested fittings
fail, then testing should be

expanded to include a higher
percentage of fittings.

VEDI UM 18 years 10% For older or very inportant
facilities, up to 50% or nore
of fittings can be tested. I f
any of the tested fittings
fail, then testing should be

expanded to include a higher
percentage of fittings.

LOW TBD TBD A responsible authority should
deternmine what level, if any,
pull testing is required.

MOORI NG Duri ng 100% Al'l  anchors are pull tested

ANCHORS installation during initial installation.

Table A-1

Pul | Testing Interval Reconmendations
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APPENDI X A (Conti nued)
SECTI ON 3 QUALI FI CATI ONS

3.1 Personnel —the testing of nooring hardware shall be
conducted wunder the direct supervision of a Registered
Prof essi onal Engi neer (P.E ) who has experience in the design
and inspection of marine structures. At a mninmum the
supervi sing engineer (P.E. ) shall be onsite and involved in the
testing to assess and record conditions encountered using
standard engi neering practice. Al'l rules governing workpl ace
safety shall apply.

SECTI ON 4 BACKGROUND
4.1 CGener a

An understanding of the followng information regarding the
testing of nooring hardware is essential. Each test wll
consi der the follow ng:

. Orientation: The position (x, y, z coordinates)
of the hardware shall be based on the coordinate system
establ i shed during the nporing hardware inspection. Direction
of forces applied shall be established and recorded utilizing
t he sane coordi nate system

. Magni tude: The load applied to the hardware
shall be 110% of its rated |oad capacity. The rated |oad
capacity of the hardware can be gathered from existing data.

. Duration: The duration that test |oads are

applied shall be dependent upon the level of the test, and the
di scretion of the supervising engineer (P.E).

4.2 Load Path
"The load path followed by the nooring line |load through the

fitting into the supporting concrete slab is essentially the
sane for all the nooring fittings.

The nooring line load is applied under the horn or lip at the
noori ng post. The upward vertical |oad conponent from the
nmooring line causes a vertical shear at the base of the horn or
lip for loads with nonzero vertical |oad conponents. The
hori zontal |oad conponent at the load point induces shear
stresses in the cross section of the nooring post. The upward
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tensile force causes tensile stress in the cross section of the
nmoori ng post as well as a constant bendi ng nonent al ong the
APPENDI X A (Conti nued)

noori ng post axis about a horizontal axis normal to the | oad.
The horizontal |oad conponent induces a bending nonent that
increases wth distance fromthe |oad point toward the base of
t he mooring post. This bending nonment is a maxi rum at the base
of the nporing post.

The axial and shear forces and bendi ng nonents at the base of
t he nooring post are resisted by the base plate through flexure
and shear action. The resulting forces and nonents at the
bottom of the base plate are resisted primarily by the anchor
bolts through tensile and shear stresses in the anchor bolts.
However, a snall portion of these forces and nonents is
resisted by friction between the toe of the base plate and the
concrete and by bearing of the vertical sides of the base plate
agai nst the adjacent concrete. The shear and tensile forces in
the anchor bolts are resisted by the supporting concrete slab
t hrough bearing, shear and tensile stresses. The concrete slab
transfers these |loads from the anchor bolts to the pile cap
through shear and tensile stresses and then to the support
pi | es. In turn, the piles transfer the forces to the
supporting soil

The failure of any conponent along the |oad path described
above from the load point to the ground disrupts the flow of
forces unless there are sufficiently strong adjacent parallel
| oad paths to take up the load carried by the failed conponent.
A disruption of the load path can lead to the failure of the
| oad resisting systemas a whole." (REF 18)

4.3 Supporting Structures

Consideration of the supporting structure is a critical
conponent of planning a hardware test. Personnel responsible
for carrying out the testing program nust determne the
fol | owi ng:

. The structural adequacy of the systemto support
the test |oad.
. CGeneral condition of the supporting structure.

Once it is determned that the supporting structure was
designed to handle the fitting and the condition of the
structure is sound, the test can be carried out.
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4.4 Fai | ure Modes

There are various nodes of failure associated with nporing
hardware. In nost cases of failure under in-service conditions
the cause of failure is the fasteners. Wwen the fitting is
enbedded in concrete and does not utilize a bolted connection
the fitting will generally fail by cracking in areas of high
stress or excessive soil bearing stress. It has been observed
that sone failures of nooring hardware do not result from
mooring line |oads. These failures result from overl oad due to
vehi cul ar inpact, cranes accidentally setting |oads upon the
fitting, and other mscellaneous incidents. This type of
failure should be observed prior to conducting a |oad test and
should be grounds to abort the test. Moring hardware wth
obvi ous distress should be taken out of service i medi ately.

Failure under load test is generally associated with corrosion
of the fasteners or failure of the supporting structure. The
foll ow ng nethods shall be used for detection of failure:

. Vi sual observation of distress or novenent.

. Measured permanent yiel ding or displacenment
foll owi ng rel ease of test |oads.

. Qoservation of cracking.

SECTI ON 5. METHCDS
51 Gener a

The purpose of a hardware test is to ensure that nooring
hardware is capable of holding its design | oad. Sever al
general nethods exist to test fittings:

5.1.1 Pul | Testing
. Pull test with a test rig, which may include
j acki ng equi pnent .
. Pull test with a |and based crane or w nch.
. Pull test with a water based crane or w nch.
. Pul | test simlar nooring hardware one-against-

the-other to test two pieces of nooring hardware at once using
hoi sting equi pnment to apply the load. note: |If fitting fails,
take out of service imediately and replace or repair as soon
as possi bl e.
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5.1.2 Bolt Testing

Bolts transmit the load to the structure and are often the
critical conponent in many fittings. Therefore, consider
testing the bolts in lieu of testing the entire hardware.
Bolts act in tension and shear to resist l|loads applied to
noori ng hardware. Since nost hardware is set in a grout or

concrete base and have shear keys integral with the fitting,
nost of the shear stresses are resisted by the concrete or
grout base. This is not the case on structures constructed of

timber or steel whereby all Iloads are resisted by the
f ast eners. If the fitting is set in concrete, the fasteners
need only to be tested in tension. In cases such as tinber
structures or steel structures, the fasteners are readily
accessible and <can be renoved for I nspection thereby
elimnating the need to | oad test. Bolts that have their

anchorage in concrete should be load tested in tension using
the procedures outlined | ASTM #488-96. It should be noted that
tension and testing of fasteners wll not provide a
conprehensi ve indication of |oad capacity of the system

The bolt testing procedure is:

. Renove the grout and nuts fromthe bolts.

. Pull -test each bolt to 110% of its working | oad
using a pull test rig. The pull test procedure shall follow
the procedure for testing anchors described in ASTM E488-96

(REF No. 16).

- If test is successful, reinstall the nuts and
grout to the design condition.

- If bolt fails, take out of service and repl ace

as soon as possi bl e.
5.2 Resul ts
Load testing results are reported on the formprovided in FIG

A-1. Renpve any nooring hardware that does not pass the pul
test and program appropriate repl acenent.

5.3 Level s of Load Testing
5.3.1 Level 1
Bolt pull test (tension). Bolts are tested individually to

determne tensile strength of the bolt and anchorage.
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DECK FITTING LOAD TEST REPORT Fitting No.:

Pre-Test Condition:

Casting Anchor Bolts Concrete Foundation
Size: Size: Geometry:

(dim., ht. Above grd.)
Type: Type :
Condition : Condition : Condition :
(paint, rust) (lead fill, paint, rust) (cracks, spalls, stains)

Distress : (cracks, abrasions)

Description of Testing Method Pull Test _ Bolt Test

Fitting Position : (with respect to reference point)

Pre-Test Coordinates Post-Test Coordinates
X= X =
Y = Y =
Z= Z=

TEST DATE : TEST LOAD :

Test Time: Start _ Finish TEST ANGLE :

RESULTS : (Record any manifestation of distress observed, change to cracks in
foundation, rust flakes shed, foundation movement, fitting rotation, distortion, fastener
yield, etc.)

Test Director: Date:
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Figure A-1
Exanpl e Deck Fitting Load Test Report
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5.3.2 Level 2

Indirect line load, actual Iine pull but not 1in actual
direction of moring line direction due to cost and
conveni ence, such as bollard to bollard pull. This level of
testing will confirm the strength of the nooring hardware

systemincluding the casting, fasteners, and structure.

5.3.3 Level 3

Load applied in actual direction of nooring line force. This
will confirm the working load of the entire system including

base structure, anchor bolts and fitting.

5.4 Testi ng Procedure

5.4.1 Test Prerequisites

5.4.1.1 Area adjacent to fitting to be tested shall be open
and clear of vehicles, vessels, or other equipnent and
associ at ed personnel .

5.4.1.2 Prior to testing a review shall be conducted of the
test equi pnent by qualified personnel to determ ne its adequacy
for the | oads to be applied.

5.4.1.3 Fittings shall not exhibit outward signs of distress
or failure prior to conducting a |oad test.

5.4.2 Test Preparation - General
5.4.2.1 Testing personnel shall provide test jigs, |acks,
punps, W re rope rigging, chain falls, dynanonet er, as

required to performthe test

5.4.2.2 Precautionary neasures shall be taken to prevent
damage to the fitting, dock structure, or fender system \Wod
bl ocks, sheet copper, etc. shall be provided to prevent chafing
and rope burns as necessary.

5.4.2.3 Monitoring points should be established on the
fitting or fastener to track novenent under | oad. Movenment
should be recorded in the three principal axes. A reference
poi nt i ndependent of the fitting or fastener and its foundation
shoul d be established to find novenent. Surveying nethods can
be enpl oyed to track novenent froma safe distance. A target
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Working
Description Size Bolts Capacity (kips
Special Mooring Height = 48 in. 12 x 1-in. dia. Horiz. = 660
Bollard “A” Base 48x48 in. @ 45°= 430
Nom = 450
Special Mooring Height = 44.5in. 8 x 1.25-in Horiz. = 270
Bollard “B” Base 39x39 in. dia. @ 45°= 216
Nom = 400
Large Bollard Height = 44.5 4 x 1.75-in. Horiz. = 104
With Horn Base 39x39 in. dia. @ 45° = 66
Nom = 70
Large Double Height = 26 in. 10 x 1.75-in.
Bitt With Lip Base 73.5 x 28 in. dia. Nom = 75*
Low Double Bitt Height = 18 in. 10 x 1.625-in.
With Lip Base 57.5 x 21.5 in. dia. Nom = 60*
42-Inch Cleat Height = 13 in. 16 x 1.125-in.
Base 26 x 14.25 in. dia. Nom = 40*
30-Inch Cleat Height = 13 in. 4 x 1.125-in.
Base 16 x 16 in. dia. Nom - 20

working capacity per barrel; from NAVFAC Draw. No. 1404464. Additional information
concerning the sizes and working capacities of pier and wharf mooring fittings is found in

Appendix A and in MIL-HDBK-1025/1.

Table A-2
Commonly Used U.S. Navy Pier Mooring Fittings

could be affixed to the fitting and readings taken (x, y, 2z)
during the test.

5.4.2.4 The strip of concrete surrounding the base plate of
each fitting and the surface of the free edge of the concrete
in front of the fitting nust be visually inspected for shear
cracks. To aid detection of potential shear cracks, it is
recormended an approximately 1 foot wide strip surround the
base plate and the surface of the free edge of the concrete in
front of the fitting be painted with white wash or |ight
colored brittle paint.
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5.4.3 Test Precautions

5.4.3.1. Standard shipyard safety precautions shall be
observed by all test personnel.

5.4.3.2 Provisions shall be nmade for keeping personnel not
involved in the test clear of the test site and any danger
ar eas.

5.4. 4 Test Procedure

5.4.4.1 Using the test jig, chain falls, dynanoneter, etc.
and a wire rope pendant, exert a horizontal pull equivalent to
110% of the rated working load for the test fitting or
fastener. Application of the |oad shall be 4 inches bel ow
the lip, horn, or other |ine holding device on fittings. The
| oad shall be held for 10 mnutes. At the end of 10 m nutes,
the fitting or fastener shall be exam ned for any evidence of
failure. The results shall be recorded on the | oad test record
sheet .

SECTI ON 6 REPORTI NG

Al results of testing shall be recorded on the deck fitting
| oad test record shown on Figure A-1. These records shall be
included in the baseline report prepared under Section 5 of
t hi s docunment.
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